. While detailed description of failed septic systems is not 41 described in the literature, it appears that clogging of the absorption field is the leading cause 42 of septic system failure (Moore, 1990 ).
44
Faecal pollution from point and non-point sources has traditionally been assessed by 45 enumerating faecal indicator bacteria such as Escherichia coli and enterococci commonly 46 found in the intestine of warm-blooded animals (Baudiŝová, 1997) . However, while the 47 presence of such indicator bacteria in surface waters can be seen as a measure of the quality 48 of the water, it does not provide definitive information with respect to possible sources. In 49 view of this, faecal source tracking (FST) methods have been developed to identify the most 50 2 likely source(s) of faecal pollution in surface waters (Field and Samadpour, 2007 However, the performance of some microbial methods has not been fully evaluated, or are 59 still under evaluation and to date none of these methods are considered as 'pioneer' or 'gold 60 standard' in terms of identifying the sources of faecal pollution (Field and Samadpour, 2007 Analytical standards. The sterol standards -coprostanol (5β-cholestan-3β-ol), cholestane
dien-3β-ol), sitosterol (24-ethylcholest-5-en-3β-ol) and sitostanol (24-ethyl-5α-cholestan-3β-142 ol) were purchased from Sigma (Australia). Epicoprostanol was purchased from Steraloids 143 (USA). The derivatizing agent trimethylsilylimidazole (TMSI) was also purchased from 144 Sigma (Australia). 145
Sample collection and preparation. Water samples were collected in 10 L pre-cleaned 146 polyethylene containers from the six sites on six occasions using aseptic techniques. The 147 samples were then transported to the laboratory, kept at 4˚C and processed within 24 h. particulates) were transferred into 250 mL bottles containing methanol (30 mL), hexane (30 153 mL), sodium carbonate (1 gm) and internal standard (10 µg cholestane in 10 µl 154 dichloromethane) and tumbled for 24 h. The samples were further filtered through 110 mm 155 filter papers (Whatman, Grade number 2) and transferred into liquid separating funnels. The 156 hexane phase was retained and washed with 15 mL Milli-Q water, dried with anhydrous 157 sodium sulphate and then concentrated using nitrogen. The residue was dried and 158 reconstituted in hexane (1 mL) and trimethylsilylimidazole (TMSI) (20 µl) in 1.5 mL vials.
159
The samples were then allowed to stand for 3 h at room temperature before being analysed. 160
Samples from the septic systems near the creeks, were collected directly from the outlet of 161 the septic system. The samples were weighed to determine the septic content. Extraction was 162 performed according to the methanol-hexane method described above. 163
Analysis of sterol based lipid by gas chromatography and mass spectrometry. Extracts were 164 analysed using a Varian 3900 Gas Chromatograph (GC) (Hansen Way, Palo Alto, USA). The 165 injector temperature was 320°C, and the split was shut for 0.5 min then opened to 50:1. The 166 oven temperature was programmed at 200ºC on injection and increased at 20ºC/min to 240ºC, 167 then increased at 3ºC/min to 320ºC and held for 5 min. Results and discussions 176
Concentrations of sterols in environmental samples. Low levels of coprostanol and 177 epicoprostanol (ranging from 0-4.0 X 10 0 ng/L) were found in water samples collected on 178 occasion 1 except the sample from site FC1 which had a coprostanol level of 2.3 X 10 1 ng/L 179 (see Table 1 ). The water sample from this site also had high levels of cholesterol (6.5 X 10 3 180 ng/L) and sitosterol (1.1 X 10 4 ng/L). Increased levels of coprostanol and epicoprostanol 181 were found in water samples collected on occasion 2 with the highest found in site BC1 (1.2 182 X 10 3 ng/L and 20 X 10 1 ng/L respectively). The high level of coprostanol suggesting human 183 sourced faecal pollution. The concentrations of other sterols were also high in this site. Prior 184 to this occasion, the catchment experienced moderate rainfall (36 mm) and as a result surface 185 and sub-surface runoff from agricultural areas and failing septic trenches may have increased 186 the levels of sterols in receiving waters. In contrast, the sample from site BC2 had lower 187 levels of coprostanol (2.2 X 10 2 ng/L) and epicoprostanol (3.7 X 10 1 ng/L), although, the 188 levels of cholesterol, sitosterol and sitostanol were high. Site BC3 showed similar patterns 189 except the coprostanol and epicoprostanol concentrations were higher than that of site BC2.
190
The lower levels of sterols in downstream sites (i.e. BC2 and BC3) could be due to the 191 dilution associated with more water flow, which may have masked certain sterols levels. It is 192 also possible that sterols bound particles may have settled in to the sediments in these sites.
193
The sterols are highly hydrophobic molecules which are found to be absent (insoluble) in the 194 clear water column. This is consistent with the research literature (Leeming et al., 1996) . 195
However, this could not be confirmed in this study as samples were not collected or tested 196 from the sediments.
198 5
The concentrations of stanols were relatively higher in site FC1 compared to site FC2 and the 199 upstream control site DC1. All sites had lower levels of coprostanol (ranging from 1.0 X 10 0 -200 2.3 X 10 1 ng/L) and epicoprostanol (up to 1.0 X 10 0 ng/L) with the lowest found in site DC1 201 on occasion 3. The concentrations of other sterols were also lower on this occasion. This is 202 probably because during this occasion the catchment did not experience any significant 203 rainfall. Higher coprostanol level was again found in all samples on occasion 4 when the 204 catchment had just received 14 mm of rainfall. However, no epicoprostanol was detected in 205 any of these samples. On occasion 5, site BC1 had higher levels of coprostanol (2.0 X 10 2 206 ng/L) and epicoprostanol (3.4 X 10 1 ng/L) compared to sites BC2 and BC3. In contrast, sites 207 FC1, FC2 and the control had lower stanols level. On occasion 6, site BC1 had 208 Table 1 ng/L) (this was following 30 mm of rainfall). The presence of high levels of stanols at this 213 site after rainfall events were followed by performing a sanitary inspection. A defective septic 214 system nearby was identified as the most likely source. The trench was located within 5 m 215 distance from the creek and was seeping. For confirmation, samples were collected from the 216 tank and the trench (i.e. soil sample). The sample from the tank had higher levels of 217 coprostanol (8.6 X 10 6 ng/L) while the sample from the trench also had coprostanol but the 218 level was 14 fold lower than that of the tank. This was expected given soil filtering and 219 catchment flushing during rainfall. The concentrations of other sterols were also high at site 220 BC1. However, lower levels of stanols were found in downstream sites (BC2 and BC3). Site 221 FC1 had higher coprostanol level than site FC2. Interestingly, site DC1 also had higher 222 coprostanol (2.2 X 10 3 ng/L) and epicoprostanol (1.6 X 10 2 ng/L). This was surprising as the 223 control site was located in a relatively pristine area with minimal human impacts (< 3 septic 224 tanks). It is possible that seepage from these septic systems could be considered as a 225 contributing factor. This could not be confirmed due to access restriction to these septic 226 systems. 227 228
It must be noted that, coprostanol can be found in other animal species such as pigs, cattle, 229
sheep and cats however the concentration is 10 times lower than human faeces (Leeming et 230 al., 1996) . Based on our data, it appears likely that the high levels of coprostanols in water 231 samples have originated from failing septic trenches. 5β:5α ratios are both greater than 1, the faecal source is likely to be of human origin. Ratios 244 (C27:C29 and 5β:5α) < 1, are indicative of mixed faecal pollution and C27:C29 <1 and 5β:5α 245 > 1 ratios are indicative of herbivore faecal pollution. The ratio analysis was also used as 246 confirmation of the presence of human faecal pollution or others (i.e. herbivores and/or 247 mixed). The ratio of C27:C29 and 5β:5α in samples from site BC1 ranged between 0.93 to 248 3.41 and 0.02 to 8.91 respectively (see Figure 2) . Both ratios were above 1 for two samples 249
(occasions 1 and 6) indicated human sourced faecal pollution at site BC1. The ratios of 0.93 250 and 0.38 (occasion 3) at this site suggesting mixed faecal pollution. The ratios in samples 251 from site BC2 ranged between 0.79 to 3.43 and 0.18 to 0.70 suggesting that human faecal 252 pollution is not the dominant source. The ratios of 0.79 and 0.70 (occasion 2) at site BC2 253 suggested mixed faecal pollution. The sterol ratios of 0.92 and 1.61 at site BC3 on occasion 254 2, strongly suggest herbivores as the major sources of faecal pollution. This is not surprising 255 as site BC3 is characterized by cattle farming. The ratios of 2.57 and 1.10 at this site on 256 occasion 6 are indicative of human faecal pollution. The sterol ratios of C 27 :C 29 >1 and 5β:5α 257 <1 at site BC3 on occasions 4 and 5 suggesting humans (C 27 :C 29 >1, 5β:5α>1) and cattle 258 (C 27 :C 29 <1, 5β:5α>1) are not the dominant sources. Based on our data, it appears that during 259 dry events, septic systems may not contribute faecal pollution into the creeks. The sterol 260 ratios of C 27 :C 29 >1 and 5β:5α <1 in sites FC1 on occasions 1 to 5 suggest humans (C 27 :C 29 261 8 >1, 5β:5α>1) and cattle (C 27 :C 29 <1, 5β:5α>1) are not the dominant sources of faecal 262 pollution. However, the C 27 :C 29 and 5β:5α ratios of 2.74 and 1.45 on occasion 6 suggesting 263 the presence of human faecal pollution. The sterol ratios of C 27 :C 29 >1 and 5β:5α <1 in site 264 FC2 suggest again that humans and cattle are not the dominant sources of faecal pollution.
265
The ratios at this site suggested mixed faecal pollution. Mixed faecal pollution was also 266 observed in samples from the control site with the exception that a sample (occasion 6) 267 indicated the presence of human faecal pollution .  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303 
